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1 
The invention relates te protectlve coverlngs 
for preventlng the accumulation of ice on the 
leading edges of airfoils and other exposed sur- 
faces, and especially te such coverings having in- 
flating and heating actions for ice-removal and 
prevention purposes. 
Prier constructions of coverings generally hav- 
ing infiatable tubes in a central zone and stretch- 
able portions extending rearwardly therefrom, 
have net been wholly satisfactory under some 
icing conditions in preventing objectlonable ice- 
deposits on the leading edges of wings and other 
airfoils. Aise, the prlor inflatable coverings have 
been generally attached only along their margins 
te the wings or other airfoils thereby permitting 
objectionable llfting of intermediate portions of 
the coverings ai regions of relatively low pressure 
rearwardly of the leading edges, ahd such cover- 
ings have presented the difficult problem of vent- 
ing beneath the coverings te prevent objection- 
able bulging. 
Prier constructions of coverings having heating 
action only for ice-removal purposes have likewise 
net been wholly satisfactory under some icing 
conditions in preventing objectionable ice-depos- 
ifs thereon. Also, such heated coverings generally 
have one or more other disadvantages such, for 
example, as aerodynamic and thermal ineï- 
ciency, Complicated and heavy construction, ex- 
cessive electrical power requirement necessltating 
obJectionably large and heavy generators, objec- 
tionable heat losses te the airplane structure, and 
objectionable "run-back" or "flow-back" of water 
from melted ice at the leadlng edge of an airfoil 
flowing rearwardly and refreezing on the covering 
aft of the heating zone. 
Variation in the character of ice-deposits or 
formation such as glaze, rime or rime frost on the 
airfoils adds te the difliculty of effectively pre- 
venting the accumulation of ice ai the leading 
edges, as each ferre of ice presenti distinct prob- 
lemi of removal. Aise, the bond of adhesion of 
the ice te the covering ha been found te increase 
as the air temperature is decreased, i. e., rela- 
tlvely high adhesion is encountered at low tem- 
peratures, which further increases the diïculty 
of effective ice-removal for the several species of 
ice-deposits. 
Objects of the invention are te provide for ef- 
fectively overcoming such disadvantages and dif- 
flculties of the prier constructions and for 
promptly and. thoroughly removing ice-deposits 
rom the leading edges of airfoils and other ex- 
posed surfaces.; te provlde for combined infiat- 
ing and heatirg .actions .effective in apparatus 
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or protective coverings for ice-removal and pre- 
vention purposes; to provide for breaking .the 
bond of types of ice which heretofore have been 
difficult to remove; to provide for a configura- 
5 tion of surface deformations together with a 
heated zone or zones in a covering for breaking 
and removing the ice-deposit thereon under a 
wide variety of icing conditions; to provide for 
stability of heating action at one or more zones; 
10 and to provide simplicity and thinness of con- 
struction, convenience of manufacture and in- 
stallation and for effectiveness of operation.. 
Other objects of the invention are to provide 
for preventing the entrapment of air beneath the 
15 covering and the lffting of the covering away from 
the aiffoil or other structure at regions of low 
pressure; to provlde for overcoming "fiow-back" 
to the rearward reglons of such covering; and to 
provide for maintaining the aerodynamic charac- 
20 teristics of the airfoil. 
More specific objects of the invention are. to 
provide for distending and stretching a portion 
of the covering, and for heating an adjacent por- 
tion of such covering; to provide for such dis- 
25 tention and stretching at one or more spanwise- 
extending zones of the covering and for electrical 
heating at one or more other spanwise-extending 
zones of the covering; to provide for a surface- 
configuration of one or more portions of the Cov- 
30 ering including relatively small, curved-in-section 
ridges in closely adjacent parallel relationship to 
one"another and arranged in series in the direc- 
tion across such ridges; to provide such surface- 
configuration substantially throughout the wholé 
35 extent of a distensible portion; to provide for 
cyclical distension and heating actions respec- 
tively at spaced-apart regions substantially 
throughout the whole extent of the covering; and 
to provide .for heating temperatures at one or. 
40 more zones of the covering effective for ice-re- 
moval and prevention purposes and/or in accord- 
ance with the thickness of the ice-deposit immedi- 
ately at such zones. 
These and other objects and advantages ofthe 
45 invention will be apparent from the following de« 
scription. 
In the accompanying drawings, which form a 
part of this specification, and in which like nu- 
merals are employed fo desigïate like parts 
50 throughout the same: 
Fig. 1 is a perspective view from above of a pro- 
tective covering mounted upon the leading edge 
of a wing of an ah'craft and constructèd in ac 
cordance with and embodying the invention, prts 
 being broken away; " "  " 



Fig. 2 is a plan view from above of the protec- 
tire covering shown in Fig. 1 before its attach- 
ment to a wing, parts being broken away; 
Fig. 3 is a sectional view taken along line 3--3 
oï Fig. ,, parts being broken away 
Fig. 4 is a view like Fig. , showing a modified 
construction oï the Protective c0verirg shon in 
Figs. '1 and" 2. parts being broken awy; 
Fig. 5 is a sectional view taken along line 5--6 
of Fig. 4, parts being broken away; 
Fig. 6 is a view like Fig. 2 Çowing another 
modified construction of the protective:c6èri 
parts being broken away; and 
Fig. 7 is a view like Fig. 2 'Showing a 
modification of the protectivê, c0Vering part, s: 15 
being broken away. 
To the ends of effectively rem0vflg içe-de- 
posited at the leading edge of n airfbil or bther 
surïace exposed to fiow of air under icing co/  
ditions, the invention provides apparatns coin- 20 
Pring a c0vering of elastic materia ! @r th e 
le.g. .ëhaving distending a Stretching 
aç!=ë.tng, actions intermediate 0pp0site mar- 
girs, of .the covering; and such apparatns inclues 
m.ea for !0cally distending and str.etching the. '_).5 
covcring to a surface-configuration effect..iv.e to 
10jçç/"and reak ice deosied thee0 n and 
me.a.l.. _o.r heating the covering to temper.turs 
effective fo ice-removal purpo, seÇ. The C.oAP- 
b/në'hairïg and stending and stretching 
tiol 0 t.he-Coering co0perte.ïn ëectin 
remov, a..fro m sch leadin edgÇ by pr0idig 
sU_giçt heat_ to. prevent the forma-tion of 
and evaporate the water droplets, or y meltr 
icë aïdll t ovçng. effective.ly breaking, the ad- 
hesivçb0n d of the ice, or by prevent'mg the îyeezr 
ing. o-supç-coqled ater dr0Plets a sch het- 
inF zçn, and also by stressig, the ice depos 
together with so distending thel s!rïac of said 
coFeg Such that the bond of the ice at th dis- 
tens ib.1. e zqne.  brokn effect!vely, and_ the icer 
formation loosened and/or bron for remo'a 
the.co.rfl, g, The dii_tendin. act_iqn, may coact. 
adiip_na_F, wi.h th he.ting action in lifting 
theflose.e.d_ ic-f0rmati0n, epecilly at a rea- 
wr !!çat'..mg/Po.r.tion, and moving outwarly 
suc.h., ici. ino te a!rstream foy-remoya! purpose, 
.!:,n, il.l.usrative embodiment of. the invention 
shpw, e_spççil.ly in Fi_'gs. 1, 2.and 3, the construç- 
tion._ ._in.cl.udes a. co'ering . of.. e!astic material 
suc,./for e.xample, as resfiient rubber or other 
ruberlke mae_rial I positionable about the 
leang.ede of a wing 16 for an aicraft, which 
my 0 of: the heayier-than-air type having one 
or»m0re engines (not..shown) mounted in one. or 
mor..e_ nacelles I for rotatively driving-on¢ or 
more., propellers 18. The covering I may be 
posioned upon .other surfaces of the aircraft- 0. 
such for example, as the leading edes of: the 
empennage mmbers propeller blades, struts; 
cowlings, masts, and other elements Which 
ds!l'eL fo protect against the accumulation of 
The covering  includes a sheet-like body 
ofsuitablrésilient rubber material, fabric - re 
inforced-.or unreinforced, having a central heat- 
ir-zone 19 extendir spanwiie of the 'covering 
substantially .o chordwise martins -and :interme- 
diane .opposite. spanwise margini. 2. 2 ! and havï 
inspaced, apartdistensible zones 22, 23 eXtend- 
ingspaWiSe fo such chordwise: martins in sub- 
stanially /adoining relation with  the central. 
heating zone, which distensible .portion aIs6 ék 
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tend rearwardly from the central heating zone 
substantially to the respective spanwise margins 
20, 2!. The rubber material at the inner ïace 
 oï the covering desirably has heat and electrical 
5 insulating characteristics for minimizing heat 
losses by conduction o the material of the wlng 
and for electrica!ly isolatng the cowering ïrom 
the w_ing. " 
At the central zone of the coverin ! 5 is a fiexi- 
l.e heating element 4.substantially coextensive 
therewith for pr0ducng the desired tempera- 
Ui:¢s. çffective for ice-removal purposes. The 
heatlng element 4 is preferably imbedded in the 
r,.u,bbe.ç body ! a.nermediate the inner and outer 
lac_es of,the-c-ovërirfg ! as shown especially in 
Fig. 3, and facilitates obtaining effective and 
subsantial, stabflity, oï heating action through- 
out  thë centrai zone ! 9. 
The héating element 4 is constructed prefer- 
ably of stretch-resisting woven fabric sheet ma- 
terial of c0tton , glass-fiber, nylon, rayon or other 
suitab!e filamentary material having the char, 
acteristic s of lirai, e.. or no eléctrical conductivity, 
relatively hig h strength, and resistance to 
terioration from heat. Electricaily conductive 
resilient composition including suitable rubbm'- 
Hke material having particles of acetylene black, 
channet black, graphite or other suitable con- 
ductive substance therein, is coated or spread 
as in paste or semi-liquid form desirably on both 
side of thewoven fabric. Each coating is rela - 
tively rhin and in electrical contact with the. 
other-by virtue of the penetration of such con- 
ductive composition through the interstices of 
the w0ven fabric and  to some extent into the 
threÇds of the latter, fabric, one or more rhin 
coats or layers, of the conductive composition 
may be spread in suPerimposed relation on the 
respective sides of.. the woven fabric :sheet to pro- 
40 .vide ttie desired uniformity of thickness and uni- 
formity of conductivity, whereby a finer adjust-. 
ment of such conductivity may be obtained as 
compard to that obtained by.painting or cal- 
endering the Woven fabric with the conductive 
5 -c°mposition: Such construction of the heating 
element povide the dësired stability of con- 
ductivity and als0 Provides a highly flexible ele- 
mnt for facili,ating smooth Conformance of 
thé. covering tö the curvatur of the wingor other 
50 airf0iL and a heating e!ement: caPabl of being 
in,tegrally bondd and United wlth the rubber 
bodY ! of. th Covering: 
The heating arrangement shoçn espe¢ially in 
Figs 2 and 3.mayhave a double .layer or thick- 
55 ness of fabric rinforced electrica!ly conductive 
composition at spaced-apart rearward marginal 
re.gions Of the. z0ne.. ! 9 relative to the longitudin.! 
cent.er-line !6. of the covering !6 and a single 
laFër o thickne.s,s o suc h conductie composition 
aç an intermeoEate rgion imme.diately at such 
conter-line, vhereby relatively higher tempera- 
ture :are provided at the central zone !9 along its 
intemediate region-as compared to.the tempera- 
ture.s, at.-its marginal regions morremote from 
suchcent¢rl!ne. tn.this:manner, a heating action 
aç. the cnt_ral, zone !9. is proided in_accordance 
with_the, vrying thicknes s of the ice.formati0n,: 
which may be in the form of a glaze ice--cap or 
rime ice formation, for example, both of which 
0. mybe thickerat£he stagnation zone or immedi- 
are leading edge region of. the airfofl than at 
regmns rerwardiy thereof,, or the heating, action 
may be such as to maintain said intermediate 
region bf..thëzone !9.free .o icê 'and-lï0sen the 
75: borïd: of ige deposited( at: saîd. marginal", rgior/s 



for'emvi by.th:SCaverïïng tlïn;bf ther 
sod that Séh  derences ;in 
ch6is:6the ovein;ybê o$inedïfde- 
i.d, by.vig« the»thïcknessu;or=the sCiflc 
ndCtiçitybf th condUctive comtiOn:rin- 
forced with oy a ngle.er of;wbvenfabic 
shëet matCiaÂ throughout..the extent»ofï..the 
ne 19- . ..  .. . 
 çe; doub]e.«:thckness-cbructon -descr.ibed 
b0ve;-i:.dateoUs In :.proming the ;secm-e 
a{cén of. exible conducr:. elementS: 25 :26 
h heàin;element 24 ewëe thë-tw0 ick- 
ffês, Of. Woen: fabr.ic- and- a acent :the: span- 
.ismagins 0f hë tenir,al zone l.9n 
protecting such flexible elemés;ePecill 
tg:heolding--nd :sembln.o e:éoring. 
'.The: ber:oVei: ;1 beinget,ble ..to on- 
f,to thê roe o-the wtng. -I 6» :ànd-being 
CiÂy-tabhed,:tÙghÙut :,i ente.ëxnt 
sUch::ing: aS, by a -suiable rubber cernent   of 
thê-i:ëEngtYpe, , alhough, if. estrèd;.it may 
bë:rgally ttched by known cotructïo, 
c'dnta -and;:expands correspondingly :with. the 
Cbntreîn,andëXpansion. of he matérial,,o:the 
su9:tin-surface ,thereby aoiding. he .setting- 
UP ofbectioble sressesin-such-.surfce or 
Wg coequénly he flexible eleme- or .elec- 
tal:eoduct0rs :25,  26 re,-.preferbly,: oï 
sned :-..:açil  .-and . of 'fleXible, . felatvely 
llYried;wiré cotr-uction- in substantally 
tetrp:-Om or: prodng the. desËed e- 
bity; ëxpasin. and Contracçion characterics. 
é-bded. conductor elemen my, secured 
adhesively between the respectiveshee £ Woven 
fabe.material 0f the hating element24 but Such 
dhesive'attchment may permit some lateral 
t0çion::nd, shifting, of adacen portions of-each 
,raed"cenductor during, t-he molding end curing 
Opratio in the manufacture of hecovering 15. 
Such- Shting occEs in opposite chordse 
reCio:with.respect o he longiCdinal- cener- 
line 15b  of e-coverg since the rubber"material 
ielf:tends fo flow away,from such longitudinal 
oeerline ward -he Spanwise. mrgi. The 
ltfal-dist0rtion and sfing of the conductors 
genèay es. in a -heatlng .zone -having 
regUlar,...nbn:reetilinear or sinuous 5oundaries 
sanwise :and. having variable and derent con- 
ctiiy::.tn spanwise..àdjacent, pot,tions - of; the 
heat ne. 
;cdngly,, for overcoming-he -obecionable 
shfting, ï.thë:elattvely 10osely-raided codU¢tor 
eemen;25,-26: are .desiably flxdly seced  the 
eigelément;24by slçching orsewing theoen- 
Ueelements.eoninuoly along their exen, 
hê:sewingextending though and enagingboh 
of, the ;fabric reforcements of the -heating ele- 
ment 24 ;and ,the mateial, of the conductor : ele- 
ments ,2, 26." .In the preferred construetion,:ech 
coEduc-element is sewed .along i ier magin 
Wlth respec.to:the longitudinal cene]ne I 
of.ecovering, and en additibnally:seced .be- 
twn, the layers of the.-heating element '2 
sutable. ,0nduetive: .ubery : aësîve, : which 
fm'he ,b he-wi:es of, the,-baidèd ondur 
e,heating elment 2. This armn-gement:re- 
slsts effectively lateral sfg.and disortion 
the -çesctive. conductor: elemen: 25 and,. 
toward e sPawise.margi 20, 2 I..and .holdsChe 
conducr,elemen permanenly in ,the desired 
paced-par relaionsp facilitatg mnn- 
ing,:the .desired sabi]iy and forty of .{em- 

disribitiOns'f 'the »hting.-zone tha that  de- 
scribed hereinabove may be provided and.,.that 
Other hetiæ:mean&&ucl-as«eleotrical -reSistance 
esmay.be:,ëd. çFor eample;-the:codcti.ty 
chgrcériSttcs of e estive «eonducr ële- 
met 2Bi 26«nd the.cond.uotivity "characterisics 
of the c0nduc tie.c omDosi-on:( valable-thtckness 
and/or: :changi e-:oem0sition :per..se),. of 
thë:heating element;,r h ]aF-be .vrted,'if de- 
ëd;'PrVidWformi-ty f-temrtures long 
thè anwise :etentof the:eovëring or to.prvide 
different  or :;.=gr-adUed: emrtes. alung. :the 
se., -so;..«he nUciity. dhrc-teiSics of 
ch« condUers ::d/or  "composition, :may 
vried:.provi'de::iffeen or çga-fluted emper- 
eïima acent végiom.chor dwise of:the.-coer- 
i. 
:;:T-he spefficoenstruCtio describe hereinabove 
fogsç . 2-an3 mkes possible spanwise unifrm 
adigher - teeratures t- the: inrmediae 
regio:bf bhe:one q 9 than te,spawiseufçr.m 
temDeratures .at.:.he'-arward  marginal regions 
ofthe::zone.'::9. The.power.dissipation 0f the 
eting..element :2at,thecentrl.z0ne.  9 may be, 
for«eaple,-.,appromately 3. o  6 wát. 
sqUarê inch forrOding tempeaures:effective 
forïce-removal purposesespite the ,super,cool_ 
ing.-action of the aiflo across thecovering and 
soméheat:'loss bY«Cmdùction  : e-wing. ' The 
conductor-.elementS«:2 and: 6-.are of.opposite 
Dolarity and «re connected-to. a.suitablesource 
of power.. -ad-. electric :,conol..means, - which 
source of. power may be un electrcal. motor-gen- 
erator: disposedïforexmple,  Withinthe-aircral' 
strùcte at-any.désired" location. 
The heating»cion,at:the ne   9may- be con- 
tinuous -(antiicing --a-nd/or .iceprevenion) , or 
interttent (-de'icng:and/or..ice-remoVal). and 
Some.water flrople.or,water from melted ice or 
th -may:flow:rearwardly over -the disteible 
zones.:or porions:  of:the.covering- and 
refreeze thereon, generatly- in the 'form of glaze 
ice at-retafiely, high temperaes. s a coe- 
quence b£sUch-."flOw-back,,,.the ice-formation .at 
çhe  istensib  porious / .may be of rela- 
tively"th.in-or thicksheetlike orm,.the ultimate 
thickness.ing depedent to-some.extent-upon 
wether or:-not there.is an  itial- deposit of- ice 
prior =fo sueh «'flow-back." - To. the end of- effec- 
tively stressing nd breng the bond -of the ice 
inëluding '-flOw-back,::ice',: ..desitd .at. the. rear - 
war-regio of .the:covering..and also-foY mov- 
ing' thë led :-ice, 'away' from' the wing- to a 
psition wherethe»rpid:.lamnar flow of ircan 
dislodge/the.brokenpieces;the vention provides 
in ' -èh .disteible -portion »  2; 2 $ a--plura-li.ty -of 
infla:table tube8 -9 als0imbèdded-in  the rub- 
berbody  a :ofthe coring   between the ier 
and outer faces thereof, as shown especially.in 
gs: 2 nd 3. 
" The itabl ubes28;:29 .of the respective 
distensb]e portio';"22; 23-.ech extend:,span- 
wesUbstatially?throot.the_exent of such 
portions. -:Sùch {es.tend..dèsirably. in, closely 
adcentgagàllel %tion£o;one.anoher vi 
gd act :margi ,,o. adjacent uhessutanially 
adoining one--anoher,.«the,spacing::between .ad- 
jacent ubes beingçoEeably..less an. the,width 
of,one.0f-suCh..tubes.. The .wagsof».the tubes .28, 
29.hein. of.siable res]ientrubber ,maeria} may 
hve.-mbCded ,:therein ï«eiorcg. :material .of 
sui, table«woven ;-fabic?,»hich --fabrc ma be »ex- 
teble,.o, substntia:lly, i.nextensible;, .or:my.be 

peratures in te heating zone -I 9. cut::on:.£he.-.hias.,:tO_:;give, aï slight.!extensibfliy,if 
//:itAs:-t°'be:understood,hatohe;tempeature:7  desied. ::The.wov.e.fabrlc:.e£riïorcement,may 



be of cotton, rayon, nylon or other suitable 
material. 
While the construction shown in Figs. 1 fo 3 
bas the inflatable tubes disposed to extend wholly 
--in the spanwise direction, itis tobe understood 
that such tubes may, if desired, extend wholly in 
the chordwise direction as shown especially in 
Fig. 4, or may be disposed in part chordwise and 
in part spanwise in any suitable arrangement 
thereof for obtaining the desired surface-con- 
flguragion of the covering while maintaining the 
aerodynamic characteristics of the airfoil. 
To the ends of obtaining the deslred surface- 
configuration at the distensible portions 22, 23 
such that the desired stretching and stress for 
breaking the bond of the tce tu the covering is 
provided; and also for distending the covering 
so as to loosen the ice and lift the latter suffi- 
ciently into the airstream for its removal by the 
scavenging action of such airstream while avoid- 
ing objeCtionable turbulent flow across the wing 
or airfoil, the tubes 28, 29 are desirably relatively 
small in diameter as compared to the iriflatable 
tubes of prior constructions. The small tubes are 
effective to break the bond of the ice to the sur- 
face in cases where such prior constructions have 
lacked full effectiveness. 
As to the size of the tubes effective to produce 
the improved ice-removing action, satisfactory 
results may be obtained where the diameter of 
the tube passage is on the order of one-quarter 
(1/4) of an inch, and good results may also be 
obtained with tubes up to about one (1) inch in 
diameter. Tube sizes greater than about one 
inch may be less effective in removing strongly 
bonded ice for som e icing conditions. 
Each of the spanwise tubes 28, 29 in the upper 
and lower reärward distensible portions 22, 23 
is preferably less than about one (1) inch in 
diameter and each tube may be of uniform bore 
throughout its length. Inflatable tubes within 
the designated dimensional range make possible 
disterding and stretching the surface of the 
covering into a plurality of ridges having rela- 
tively small radius of curvature and cause rela- 
tively sharp changes of contour having a wash- 
board-like arrangement at such surface during 
inflation, whereby suflïciently severe, highly 
löcalized disrupting and stressing forces are ap- 
plied tothe adhered ice for breaking the bond 
of such ice fo the covering and loosening and 
breking the ice-deposit free from the covering. 
'lhe Smallness of the tubes is further advan- 
tageous in that they maY be arranged close to- 
gether so that an appreciable number of tubes 
are operative on a small zone of ice and diverse 
directions of the dlsrupting forces are obtained 
on a smail area of ice spanning several adjacent 
tubes. 
The improvement in the ice-remo-ing action 
of the small tubes is noticeable especially where 
strongly adhered ice is deposited in a rhin layer 
upon the surface of the covering; since with such 
small tubes, upon inflation and as soon as a crack' 
in the ice develops the rubber material stretches 
in the crack and a high stress-concentration af 
the edge of the ice-piece results. The stress im- 
posed by the inflation of such small tubes is 
greater than the strength of the adhesive bond 
and such loosening action combined with the 
relatively sharp curvature of each ridge causes 
the rubber fo peel away from the ice deposit, 
which action continues until the stress decreases 
to an extent such that the remaining stress in 
the rubber equals that of the strength of the ad- 
hesive- bond. Such. relatively high streaing 

action Of the small tubes combined wtth the relá- 
tively sharp curvature of the surface deforma- 
tions effectively loosens and breaks the ice de- 
posited. Also, the tubes being relatively small 
5 proJect, upon inflation, only a relatively short 
distance into the flow of air and create little or 
no aerodynamic disturbance. 
While the respective series of inflatable tubes 
28, 29 may, if desired, be arranged to have alter- 
]0 nate tubes inflated simultaneously, all of the 
tubes for each distensible portion 22, 23, for the 
construction shown in Fig. 1, are desirably in.- 
flated simultaneously. If desired, each chord- 
wise series of spanwise .tubes for the respective 
]5 distensible portions may be inflated in alterna- 
tion with one.another.. 
For inflating purposes, the series of inflatable 
tubes 28 beginning at the upper margin of the 
zone 19 and extending chordwise in the distn- 
20 sible portion 22 are in communication desirably 
at their_inboard ends with an inflating manifold 
or conduit 30 of suitable reinforced rubber ma- 
terial extending in the chordwise direction across 
the tubes, and such manifold 30 is connected to 
0.5 a supply conduit 31 in communication with a 
source of air under pressure suitably located with- 
in the aircraft structure. The other chordwise 
series of inflatable tubes 29 beginning at the 
lower margin of the zone 19 are also desirably 
30 in communication ai their inboard ends with an 
inflating manifold 32 of suitable materialextend- 
ing in the chordwise direction across such tubes, 
which manifold is connected to a supply conduit 
33 in communication with the aforesaid source 
3.5 of air under pressure. 
The fabric and rubber parts of the covering 
I are preferably united under vulcanization 
under heat and pressure. The respective span- 
wise margins 20 and 21 are preferably tapered 
10 in section for promoting smooth flow of air across 
the covering, as shown especially in Fig. 1. 
The covering I, which may be marginally at- 
tached, is attached desirably fo the leading edge 
of the airfoil by being adhered to such wing 10 
continuously throughöut the extent of the cover- 
45 ing by a suitable adhesive 27 such, for example, 
as rubber cernent. Such a mounting arrange- 
ment bas the advantages of permitting only sub- 
stantially outward expansion of the inflatable 
tubes facilitating distending and stretching the 
50 distensible portions at the outer surfaces thereoï 
each into a plurality of closely-adjacent parallel 
ridges relatively sharply curved-in-section,, and 
of eliminating objectionable lifting of the cover-- 
ing from the airfoil ai regions of low pressure 
55 rearwardly of the leading edge. The adhesive 
attachment also eliminates the necessity for addi- 
tional marginal attaching structures such as 
metal reinforcing beads and fairing strips of prior 
constructions and the necessity for venting air 
60 from the space beneath the covering, thereby 
simplifying the construction of the covering and 
facilitating providing a covering of light-weight 
and thinness. Such construction and mounting 
facilitates providing a relatively smooth outer 
surface of the covering whereby objectionable 
protuberances, which promote the local forma- 
tion of ice, are avoided. 
In the operation of the protective covering 10, 
70 the heating action at the central zone 19, which 
may be continuous or intermittent, makes pos- 
sible temperatures substantially uniform in the 
spanwise direction and varying chordwise in ac- 
cordance with the thickness of the ice-deposit' 
Ïor effectively preventing  the accumulation of 
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ice by preventing the formation of ice and evap- 
orating the water droplets (greater temperatures, 
continuous heating) or by breaking the adhesive 
bond- ai the interface between the ice and the 
covering (fesser temperatures, Intermittent heat- 
ing) .and dynarnically unbalancing the ice ai such 
zone for facilitating rernoval of the ice by the 
flow of air. The heating action ai lesser ternpera- 
- tures by virtue of the insulating effect of ice rela- 
tive fo convection cooling of the covering by the 
airflow is effective for removing the various kinds 
of ice such as glaze ice, rime Ice and rime frost, 
especially ai the stagnation zone or imrnediate 
leading edge region of the airfoil. 
"Flow-back" ice, which results from the rnelt- 
ing of the ice ai the central zone 9 and re- 
freezing ai the rearward distensible portions 22, 
23, together with such ice-deposit as rnay be ini- 
tially forrned ai such rearward portions, is re- 
rnoved upon inflation of the respective series of 
inflatable tubes 29, 29, which inflation also dy- 
narnically unbalances any loosened ice rernaining 
ai the central zone  9 facilitating the rernoval of 
the latter ice by the airflow. The sirnultaneous 
inflation of the tubes for each series thereof dis- 
tends the surface of the covering into spanwise 
ridges of srnall radius of curvature ai each 'rear- 
ward portion thereby Irnparting highly localized 
rupturing and stretching stresses ai each of the 
tubes fo the ice-deposit thereon effectively loosen- 
ing such ice and lifting the sarne into the rapid 
larninar flow of air for rernoval by the scaven_ging 
action of such flow of air. 
In.,sorne cases, the rearward ice ai zones 22, 
by virtue of ifs thickness and total strength, rnay 
be broken loose in the form of relatively large 
chunks. Due fo the localized and high stressing 
action of the inflated tubes, only a relatively 
narrow bonded zone as cornpred fo the tube 
width rnay rernain ai each of the tubes, the in- 
terrnediate regions of ice between such latter 
zones being unadhered. The large chunks of ice, 
when lifted into the larninar flow of air, are blown 
away by the force of such flow of air. Such infla- 
tion of the tubes also lifts and dynarnically un- 
balances any rernaining loosened ice-deposit 
spanning the heating zone 19 for rernoval by the 
airflow. In this rnanner, the protective covering 
16 effectively prevents the accumulation of ice 
upon the wing 
The rnodifled construction 48 of the protective 
covering shown especially in Pigs. 4 and 5 differs 
frorn the covering 16 in that inflatable tubes 
42 and 43, 44 ai rearward distensible zones or por- 
tions 4, 4 are arranged such that they extend 
substantially parallel with one another in the 
chordwise direction, and in that a heating ele- 
ment 41 extending spanwise in a central heating 
zone 48 cornprises two layers 4, 58 of suitable 
fabric reinforced conductive composition, each 
coextensive in length and width with one another 
and substantially coextensive with the heating 
zone 48, the heating element being disposed 
tween the inner and outer faces of a suitable 
silient rubber body 5 of the covering 48. 
The inflatable tubes 41, .42 and 43, 4 are desir- 
ably each less than about one (I) inch in diam- 
eter and rnay be /2 inch in diarneter; and extend 
chordwise in substantially adjoining relation fo 
one another throughout their extent, the space 
between adjacen rnargins of adjacent tubes be- 
ing less than the width of one of such adjacent 
tubes. The chordwise tubes are arranged in se- 
ries spanwise and all of the tubes of each series 
at each portion 45, 48 rnay, if desired, be inflated 

simultaneously; but preferably, alernate tubes 
are inflated in alternation in a cyclical manner 
with the other tubes of each a.foresaid series and 
fo this latter end, inflating rnanifolds 62, 63 and 
5 54, 6 are provided. Such rnanifolds ae inter- 
connected through conduits 5, 51 and 59, 9 with 
a suitable source of air under pressure for ac- 
. cornplishing such alternate inflation. 
For exarnple, af the distensible portion 45 the 
lO alternate inflatab!e tubes 41 are each in commu- 
nication with the rnanifold 52 and the other tubes 
.2 are each in cornrnunication with the rnanifold 
. Sirnilarly, the alternate tubes 43 at the dis- 
tensible portion  are each in communication 
15 v«ith the rnanifold 56 and the other tubes 44 are 
each in communication with the rnanifold 54. In 
this rnanner, alternating inflation of alternate 
tubes in each series rnay be accornplished for dis- 
tending the surface of the covering into choral- 
Z0- wise-extending ridges in closely-adjacent parallel 
relation with one another throughout their extent, 
the ridges being relatively srnall and generally 
rounded-in-section whereby the desired relatively 
high and localized stresses are irnparted to the 
25 ice deposited thereon fo locsen the ice for re- 
rnoval by the airstrearn. Such alternate inflation 
further provides a rocking action dynamically un- 
balancing the ice further facilitating ifs rernoval. 
Since the stress created upon inflation of the 
30 tube increases in proportion fo the rate of curva- 
ture of the tube wall, better removal of ice at such 
rearward portions, as compared fo that of rela- 
tively larger tubes, is obtained with the small 
tubes having diarneters within the designated 
35 range. Desirably, all of the tubes 41 to 44 are of 
uniforrn diarneter relative to one another, and 
 throughout their extent, thereby prornoting uni- 
formity of ice-rernoval action. Such tubes also 
provide the desired lifting action for placing the 
40 ice into the path of the rapid larninar flow. The 
- chordwise arrangement of the tubes is advanta- 
geous in rninirnizing turbulence of flow of air 
across the rearward portions 4, 4G; since such 
tubes extend generally parallel wlth the direction 
45 of the larninar flow of air. Spanwise rnargins 
'0, 61 rnay be tapered in cross-section for facili- 
tating srnooth flow of air across the Covering. 
The heating elernent 41 at the central heating 
zone 4.8 comprises a pair of sheets 49, 50 of suit- 
50 able electrically-conductive resilient composition 
having a suitable fabric reinforcernent therein, 
the sheets being positionedin superirnposed rela- 
tion fo one another and substanially coextensive 
with one another throughout the extent of such 
55 central zone 4. Suitable flexible braided con- 
ductor elernents 2, 3 in substantial!y fiat strip 
ïorrn are sandwiched between the sheets of con- 
ductive rnaterial and extend spanwise along the 
heating zone adjacen the opposite spanwise rnar- 
6O gins of such zone. The conductor elernents 52, 53 
are desirably flxedly secured in place as by a suit- 
able adhesive and by sewing engaging the rein- 
îorcing rnaterial of the conductive sheets 49 and 
65 6 and the rnaterial of the conductor elements 
2, 63, such sewing preferably being along the in- 
ner rnargins of each conductor element 52, 3 
with respect fo the longitudinal center-line 40a 
of the covering, thereby effectively resisting lat- 
7O eral shifting and distortion of the conductor ele- 
ments during the rnolding and curing operation. 
The heating elernent 41 is ernbedded in the resil- 
lent rubber body 51 between the inner and outer 
faces of the covering, as shown especially in Fig. 
 75 5. The respective fabric and rubber parts of the 



evéri.n, 8 a:re united.preferably _Y molding aud 
.c.rg.'zil uer h and pressure. 
e oeveng , whh atso may be mar- 
ily. atChd, is desfrably adhesvely atched 
tN-r6UhOat .i entie extent to the airfoil or 
wîA ] , which attachment e]iminates  prob- 
 iëm of enting and facilitats outward bging 
only of the ififlabl« tubes. Such bulgg fur- 
er promotês the desed sha.rpness of curvature 
er theri for effective removal of the ice, 
In:e operation of the covering , the heat- 
n acion:at a centl.zone may be contuo 
(ani-icingaction) or intermittent (de-icflg ac- 
çion), the temperatures at such zone 8 being 
effective for preventing the formation of ice and 
evaporating the water droples, and/or for ice- 
removal purposes. he heating at the central 
zone 8 may be such that the temperatures may 
be VaAed or ifo in the spanwise and/or the 
'chordwise directions, and for the cotmction 
-shown, the temperatures are desirably uni- 
form both spanwise and chordwise substaatially 
throughout the entire extent of the heating ne 
8. "ow-back water" re-freezing at the distea- 
sible zones 4,  and any initial ice-deposit at 
such zones are removed by he cyclical iation 
of th.e inflatab tubes which, by virtue of their 
action dëscribed hereabove, effectively lift, 
1Ooen  and bréak the ice for removal by the rapid 
laminar flow of air. Such inflation of the tubes 
aso lif and dynamically unbalances any 
mang loosened ice-deposit spanni the heat- 
ingzone 4 Ior removal by the airflow. 
other.modifled construction @ of the pro- 
.te¢tiv covering, as shown esp.ecial]y in Fig. 6, 
has a plurality of alternately chordwise-arranged 
eatig and-disteible zones @@ to 7@, inclu- 
sive, :exnding span-wise of the coveri. Like 
fihe coveris  and , the covéring 
b0y of stable resflient rubber material and 
includes iatable tubes  fo 8, inclusive, ex- 
tending .spanwise in the respective distensible 
zones or portions @, @8, 0, , , @ in closely- 
cn parallel relation to one another. The 
COVering álso. includes heatg elements 
dirably of suitable rflient conductive com- 
position hvg suifable fabric reinforcement 
ther«in exZending spanse at the heatg zones 
Or rtions @, @9, , $'and , he respective 
heating elements each being desirably coexten- 
 sire th the extent of each said heating portion. 
e respective distensible and heatg zones are 
relatively narrow .in width as compared to the 
distensible and heati zones of the coverins 
 and , thereby providing a plurality of nar- 
row zones ch effective for ice-removal purp0ses 
and eac cooperating with ene another te this 
en. 
e iatale tubes  to 8 are desirably rela- 
tivël- sall {n OEameteç, each being less than 
.about one (.1) inch in diameter.  the preferd 
eonstton, the opposite .reaard distensible 
portions-@, @ each include three inflatable 
tub , 8 of uniform diameter, arranged in 
chorwise sèries and having adjacent margins of 
adjacenf tubes substantially adjoining one 
anther. e-intermedate distensible portions 
@8, 0., , 4 each may have a pair of inflatable 
fbs 8, , 8, f of iform diameter, similar- 
iF arrnged, wherey all f the aforesaid tubes 
7 :t0 82 incisive ma :posSïb.ç th dsiréd sur- 
fc:c,ofigarfi0 0f ridges relatively small in 
urvature, aanged in chpdwise series 
-spscedapart sitions across te COV¢Ang. 
Thè fubes for ali of the distensible portions 

may le of unîform se, or tha_-tues, by 
may 'he of uated and decreasing sein e 
 erard direct wil-h respect to the _longi- 
tudinal cenr;le B« of the .cover. For. 
 -ample, .the adact iermos .dtsble per- 
ions 7B,  m:ay-have-tubes abont one (1) ch 
in diameter, the 0ther intermediate dibe 
porons 8,  may hve ubes abouf .three- 
quitter (%) inch in diameter, and the ouer 
rard .disfensib. portions .@, @ .my bave 
tubes bou one,half (Ç2). ch in diameter. 
Such tube arrangement is adanageous ffli- 
tting removS2 of relatively heavy icecaps 
the immediate leing edge region oI the wings 
together with effectivetF rmoving sheet-like ice 
formations reawardly of the immediate leadi 
Cge égion of the ings, while avoiding objec- 
$enable distubanee Of the smooth flow of air 
aeress the coveri, when such tubes are inflated. 
It will be appreciated that this arrangement 
ing relatively small tubes is also-effective in 
its ice-removal action; since thê stress imrted 
tothe ice is in preortion to the rate of cvature 
oï the tube, der.inflation, and such relatively 
5 high locaiized stretching and stresses at the re- 
spective spaced-aPart distensible zones hot oY 
break the bonÇ er the icç but also loosen the iee 
for removal by the airflow. 
For infiating purposes, each greup of tube in 
:o the respective distensible rtions is provided 
with an infiating manifold 8 fo , inclusive, 
wch manifolds are c0neeted by suiçable eon- 
duts 94 t0 9, inclusive, te a suitable source of 
air der pressée. The açrangçent s such 
ç:5 tha 11 of the tubes n ech of the di@tensible 
-portionsare inflated simultaeopsly, nd the 
specive groupÇ of tubçs in such distepsible .por- 
tins may be inflated simultaneously, or 
ternation to one another with respect t0 the 
il0 ipngitudmaï centçr-a of the covêring, or in 
alternate sequçceacross the covering, or in any 
oçr desiçed mapneç. 
The heating e!ements  t0  inc!psive, are 
bedded inthe rubber .bodY of he covering 
.;  ih esPççive heatng zones or portion- , 
9, , 3 and ], each heating çtement being 
substantially c0extensive in length aud width 
with thê eent of such heating portions for 
providing temperatures effective for ice,removal 
.0 and/or icepreveation purposes. Eaçh heai 
element desirbly inc!udes a pair of 
posd layers of uitable eiectricaliy-coadUçfve 
compotion having a suitable fabric reforce- 
mënt-theein and each iacludes a pair of 
::5 able flexible brÇided conductor elementç I to 
, inclusive eendig spanwise adjacent the 
opposite margis of the distesible portions and 
sandwiched between the aforesaid layers. Each 
of the conductor element@ 0 t0  are flxeoeY 
(o scuçed as bY a suitable adhçsv¢ and . sewing 
eendig throgh he martial of the fabric 
reinforcement and £he materal 0f the conductors 
per se, sçch çwn biPg dispoÇÇd adjacent the 
im]eï mar 0f -each cctç"-elen wih re- 
¢:5 spect to the longitudinal centerAine 5a of the 
cpvering for resistng lateral dçtorçion and 
shting of the conductor eleents during the 
molding operation, 
The oppositç spanwise margins of. the cover- 
7o ing e desçab!y tapeççd in section to facilite 
smoth flowo$ ar acrpsS e covering. The rub- 
er nd gbcpr of the-cover  re desirably 
uted by m01ding nd vulcanizing uuder heat 
and présure. e covering  is also desirably 
75 aively attached  the ng substantially 
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"Ontïuiously throughout the entire extent Of he 
covering advantageous]y ellmlnating the neces- 
sity for venting together with facilitating the de- 
sired ]ight-weight, simplifled construction. 
In the operatlon of the covering $§, the heating 
elements may be operated continuously or inter- 
mlttently and simultaneously or alternately, as 
desired, providing desirably uniform tempera- 
tures  chordwie and Spanwise throughout the 
extent of the heatlng zones, whlch temperatures 
may be different at different zones and are effec- 
tive to prevent the formation or accumulation 
of ice, especlally ai the stagnation zone of the 
leadlng edge, and/or loosen the ice-deposlts ad- 
herlng to the coverlng at such heatlng zones. 
The'inflation of the Inflatable tubes loosens and 
breaks the Ice af the respective distenslble por- 
tions and àlso llfts loosened Ice-formations span- 
nlng the respective heatlng zones Into the path 
of the flow of air dynamlcally unbalancing the 
same for removal by such air. In this manner, 
the respective distenslble and heating actions co- 
operate in effectively preventing the accumula- 
tion of Ice on the covering 65. 
A still further modifled construction 
the resilient rubber protective covering, as shown 
especlally in Fig. /, Includes a plurality of alter- 
nate heating and distensible zones 14! to 45 ex- 
tendlng spanwise substantially throughout the 
entire extent of the covering, whlch zones or por- 
tions 14! fo 45 may be relatively wide as com- 
pared to the zones of the construction 0§ shown 
especlally in Fig. 6. Each heatlng zone or por- 
tion 14, 43, 45 has a suitable heating element 
45, 147,148 of relnforced conductlve composi- 
tion desirably embedded in the rubber material of 
the covering for provld!ng substantially uniform 
temperatures spanwise and chordwise through- 
out the entlre extent of such heating portions, 
but the temperatures ai the center element 47 
may be hlgher than those af the rearward ele- 
ments 0, 48. Also, each heating element 
provided wlth a pair of spaced-apart flexible 
bralded contactor elements 49--150, 
1'53--154, suitably flxedly secured as by sewing 4 
to such heating element, which sewing extends 
continuously al0ng the Inner margins of the con- 
ductor elements with respect to the longitudinal 
centerline 140« of the covering for preventing 
lateral shifting and distorti0n of such conducter 
elements. 
Each distensible portion 42, 44 has a plural- 
Ity of relatively small Inflatable tubes 
each less than about one (1) Inch in diameter, 
for provlding the deslred surface-configuration 
of ridges, upon inflatl.on thereof. The inflatable 
tubes I.SS', §0 extend spanwse substantial!y 
throughout the entire extent of the distensible 
portions , 44 and are positioned such that 
adjacent margins of adjacent tubes are substan- 
tlally contiguons with one another throughout 
thelr entlre extent. For simultaneons inflating 
purposes, a suitable manifold ST, 10 IS in com- 
munlcatlon with each chordwise series of 
flatable tubes. The mauifolds 57, 0 are con- 
nected to a source of air under pressure by suit- 
able conduits §$, $0 in communication with 
such manifolds. 
The coverlng 40 may bave spanwlse margins 
!  , '0 tapered in section and may be adhesively 
attached throughout Its entire extent to the air- 
loti. When so mounted on the airfoil, the cover- 
Ing 40 Is arranged such that the central heat- 
Ing zone 4 is af the stagnation zone or imme- 
diate leading edge reglon of such airfoil. 75 

In .the opëration of the covering 140,. the heat- 
 ing zones may be heated continuously or inter- 
mittently as described herelnabove, and have 
desirably substantially uniform temperatures 
through0ut the heating zones for effective ice- 
removal Purposes. Intermittent operation of the 
heatlng zones ai relatively low temperatures 
ellminates the problem of "flow-back." Each 
series of tubes 45, I may be inflated intermit- 
tently or coincidentally and in a cyclical man 
ner. Such inflation of the tubes provides the 
desired surface-conlïguration having a plurality 
of relatively small sharply-curved-in-section 
ridges in closely-adjacent parallel relation fo one 
another throughout their extent. The ice- 
removing action of the tubes Is substantial!y like 
 that dèscribed for the inflatable tubes of the pro- 
 tective covering 20. 
The invention thus makes possible new and 
useful protective coverfiugs o elastic material 
having various arrangements of heating and dis- 
tensible zones, which coverings are effective in 
preventing the accumulation of ice on the leading 
edges of airfoils by virtue of the cooperative ac- 
tion of their elements in a new relationship. The 
invention also makes possible the selection of a 
particular covering arrangement best fitted to 
cope with one or more kinds oî icing conditions, 
which may be encountered in the operation of 
aircraft; and the selection of a particuiar cover- 
ing arrangement best fitted fo cope with the ice- 
formations which occur on streamline bodies or 
rfoils of different profiles and thicknesses. 
Such coverings also have further advantages in 
that they facflitate the provision of smooth sur- 
faces about the leading edge, eliminate the diffi- 
cuit pzoblem of venting, facilitate the attach- 
ment fo the airfoil, and which are characterized 
by their thinness and light-weight construction 
and convenience of manufacture. 
Variations may be ruade without departing 
from the scope of the invention as if is deflned 
in the following claires. 
I claim: 
1. Apparatus for preventing the accumulation 
of ice on the !eding edge of an airfoil, said appa- 
ratus comprising a unitary covering member 
having at least one spanwise-extending disten- 
sible surface portion for disposition af a rear- 
ward area of said leading edge and one spanwise- 
extending non-distensible portion adjacent the 
first said portion for disposition at the frontal 
area of said leading edge, the distensible portion 
comprising a plurality of spanwise-extending 
inflatable tubuiar passages each less than about 
one inch in diameter disposed in said member 
in closely adjacent paralel relation one te 
other infiatable te provide under inflation a plu- 
rality of shsrply curved spanwise-extendlng 
ridges af the surface of said distensible portion 
for breaking the adhesive bond of overlying ice 
at said rearward area of the leading edge, means 
for infiatin said tubuiar passages fo distend sald 
surface of th distensible portion into said span- 
wise-extending ridges without distending the 
adjacent non-distensib]e portion, and means in 
and constitutin a part of said non-distensible 
portion of said member for heating the surface 
thereof at said froital area te interrupt the con- 
tinuity of ice deposited on said merber. 
2. ,pparatus foï  preventing the accumulation 
of ice on the leading edge of an airfoil, sa.id 
apparatus comprising a unitar.v covering nember 
having af least one spanwise-extending disten- 
sible surface portion for disposition at a rear- 



extenLng tbte ,!r Pç- eaç !ss 
member in cloeely alaD a9 rç: @De 
to :another }n@table e pçide nç 
 piurality of ,sha:rply _cuoEe 
tion .for bref-Dg he .dsFe h0nd f 9etFng 
ice at aid rearw,rd .aa .ç .he l@g-edge, 
mens .for .in:flg td :p.r .sge  gis- 
£end:said srfc_e of be diStensle por!çp  
said chordwse-tadig :rig.çs "ihO t 
ing he adjacent n:dpsibe PO-, 
mea in and constitutg a pr f  
.stensible poç,tion of said member for heatg 
£he surface hereef at said -frontal r.ea .to in.tey- 
rup the. contnùiy  ice .deposite o said 
 m¢mher. 
3. Apprtus or reventing the aumatin 
o ice .oa he eag.e$e of an airfofl, said appa- 
ratus compring a unitary coyeri member 
ha.vipg stsible sface portio spaced-apart 
for disposition at the .rearward areas of said 
leading edge and a nen-stensible surface por- 
ti0n::trmedite the flrst said portions for dis- 
positï0n at the frontal area of said leadia edge, 
a piurality of i-tabte tubar passages ifi said 
member at eac! of aid distensible per£ions for 
.ia.fing the latter and stendg tle surface 
heçeof in said reaward aeas without distend- 
ing !]e ¢medike potion of said membe, and 
e]trcal hating mns in and censtiutg a 
rt of said intemediate portion of said member 
fór heaing the surface thereof-t0 tem'upt 
the regpn of ssid termediate ptio the con- 
uity of ice deesited on said member. 
4. Apparatus erpreventing the accumulation 
efice pon the lding edge of an afofl, .said 
apparatus comprising a unita-y cov.erng.mem- 
ber of resflient rubber-like material having d- 
tensible sm-face peAions .spaced-a,pat fÇr dis- 
pétion at .the rearward ares of sid leading 
edge and a nen-distensible surface portion inter- 
mediate said portions for disposition at 
r.ental area of said teadi edge, a ptm'alit-y of 
spaaise.e,teadng i.atle-tubes each less 
than about one ih in .dimeter spos in said 
member at each of said dtensible poç.tios 
Clooey .adjacent parall relation one  .other 
toughout their ex-tent fer distending the sur- 
ace V .the distensible orio.ns n said 
aeas into a p!urMity of sharP-y ced .ridges 
to 10oscn ice rearwadly of said frontal a-ea-with- 
eu distendg the surface of the ntermia 
portion, d eletrical heatg means incoo- 
raed in the rubber-like mateAal of said ter- 
mediate portion of .said member for heating the 
rface atsaid .frontM ea o intru the 
centimty of ice deposied .on sad memhe. - 
.5. Appa.aus for prevetiag the accumatin 
of ice upon .the leading ege of an air£oi, said 
appv, tus cemprising a-upi.tary .oyering 
ber of resilient rubber-like mateial haig. s- 
ensï]le surfa portions .spaced-apat for 
Position .at the rearard aeas of sa!d. leaing 
edge and a non«dtensible urface portion in- 
-Fçat .sg portions for disposition at .the 
frontalma of sd leadg edge, a pluraity, of 
chordwise-extendg inflatable tubes each less 
 han-about vne inch i diametcr disposed in:sÇid 
meuler _af ..each o.f said distensible .poros 

ac.ç. pf  snle .ri i s arw 
areas -to a Pl!itYPfhal .cur s 
5 to :lé0sen ce :rearwr!Y o ig OEeç ea 
.dis£e r,tion, and clt.! 
cQrpaeg . he -yubbergike 
itmed:ite por.tin for htjng.the 
saj-:fal ara-to intrr-P t!e onmpy.,Of 
ice dçs-d n d ember. 
 6..-Apa'tus for :pevçtiag.the 
. of ice çn the eadg ge f n 
.aprtus comprng :a 9nry 
ber öf resilient rbbe-lke.rt 
edge d  nendistensibl.e P0P int, eeite 
.the first -id portions 0r 
îmntal area of said leaa-g edge, a .lra!iy:pf 
nflatabte -tubes  said member 
disensiMe portions .fer Jnfl.ting the 
distending the surfa ther-i.n said rd 
areas without distending the-i-ntermedi-aln 
25 of said member, said iubes at .ch distenble 
potion extendg . close adjacen partll .e- 
lation one  anoçher alng thei.r extent :d be- 
ing tess than about one inch--diater d 
inflatabte . provide a .pluratity .of sh%arpy 
30 curved ridges .at- the sace .of each of 
fensib!e :portions  tees .ice rewardl o 
rontal avea, .and .a heag elemçn 
rated in the rubr-le maeial of 
medite portion of ,said member >for .heating the 
35 surfe at sald frontal .- te i,nterrupt e 
contuity of ice deposited on :said 
heating element compr.isig ettric.A$.y 
tilde .composition of esflien ubber-!ike-martial 
having particles of condaoEi.e .susnee 
0 7. Apparaçus for .peventg the 
of ice ,pon the leadg dge 
appaatus :compsing-:a U£aW cevelng 
ber .of resflient rubber-like mar g 
:seçics of spaise-exten.!ng-isenslle :sUr£ace 
i5-portions spacedapt..«!ordwise or. 
at ..the reaard areas :of .said lad.g ge aad 
a seçies -of spanwioe-exnd.g neninstble 
.surface por.tions .termediate .çhe .di.snsible 
- pmtis for disposition of ,a nondis£eib]e r- 
0 tion ai Zhe frontal area of ;said teading ge, 
Nurality of spanwise-extending infiatab!e ubes 
each less Zhan:about one inch OEn diaeter,dis- 
posed .in sald member .a eac of said 
portiçs in dlosely adjacent pataltel:re!fioD ne 
55 to another throughout th .exteand nflat- 
able .to pmvide a çtura.ty of .sharp]y 
ridges -af .the .surface of eh dstensible - 
tion, means-for inflating :said tbes Aisnd 
the surface of said distensible porons i .id 
0 earward areas in said .idg to lo.osen-ice 
rearwardly .of said frontal :aea .-ihou :dted- 
ing he surfac of .te intçrmedate 
a. heating element ineorpçra 
li, ke mater.lai f qh of said itermedie pr- 
5 .tions of said embr for hcating the-surface 
hereoE cldag tat t said frontal area :to 
 inrupt in !ho ri0n 0f eah of sid 4nterme 
diate portions the continuity of cé,depoted on 
said membe,, .said .heating elemet .c9ASing 
ïo eleoEAca!ly  oenducMve :çmsiio of 
bbrlç mÇtet having parcles of .candac- 
tie .substance: fhere. 
8. Apparatus for .preveing .he accumula£ion 
of ice upon the leadipg edge of . airfofl, said 
ï5 apparatus comprisg a niary coveF mem- 
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ber having distensible surface portions spaced- 
apart for disposition at the rearward areas of 
said leading edge and a non-distensible surface 
portion intermediate said portions for disposi- 
tion at the frontal area of said leading edge, 
means imbedded in the intermediate non-dis- 
tensible portion of said member for heating the 
surface at said frontal area fo interrupt the con- 
tinuity of ice deposited about the leading edge, 
and a plurality of inflatable tubular passages in 
said member at each of said distensible por- 
tions for distending the surface in said rearward 
areas fo loosen ice rearwardly of the interruption 
in the ice ai said frontal area. 
9. Apparatus for preventing the accumulation 
of ice upon the leading edge of an airfoil, said 
apparatus comprising a unitary covering mem- 
ber of elastic material having distenslble sur- 
face portions spaced-apart for disposition at the 
rearward areas of said leading edge and a non- 
distensible surface portion intermediate said 
portions for disposition at he frontal area of 
said leading edge, electrical heating means ira- 

bedded in the elastic material of the inter- 
mediate non-distensible portion of said member 
for heating the surface at said frontal area to 
inçerrupt the continuity of ice deposiçed about 
5 the leading edge, and a pluraliçy of spanwise- 
extending inflatable tubular passages in said 
member at each of said distensible portions for 
distending the surface in said rearward areas to 
loosen ice rearwardly of the interruption in the 
io ice at said frontal area. 
BENJAMIN F. JOIqES. 
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